
APPENDIX 
FLOWSHEETS FOR ICPP PROCESSES 

- 

Flowsheets for each of the processes used to recover uranium are shown in the following figures: 

Figure A-l is the flowsheet for the RaLa process. This process was used to recover barium-140 
from freshly irradiated uranium in a fresh MTR fuel element. Even though the total amount of 
uranium product produced was not significant, it was a significantly different flowsheet from the 
other flowsheets, all of which used an acidic dissolution reagent. The process operated from 1957 
to 1963. 

Figure A-2 shows a typical flowsheet for the processing of aluminum clad fuels. It also shows the 
first cycle extraction process used for these fuels. 

Figure A-3 shows a typical flowsheet for the dissolution and first cycle extraction of a typical 
zirconium clad fuel. 

Figure A-4 shows the dissolution process for the dissolution of the EBR-II stainless steel clad fuel. 

Figure A-5 shows a typical first cycle extraction for stainless steel fuel from the EBR-II reactor. 

- 

Figure A-6 shows the process used to dissolve and blend the zirconium clad fuel dissolver product 
with the aluminum clad fuel dissolver product. 

Figure A-7 shows the flowsheet for the combustion of ROVER graphite-based fuel. 

Figure A-8 shows the flowsheet for the dissolution of the ash Tom the secondary burner in the 
ROVER fuel combustion flowsheet. 

Figure A-9 shows the second and third cycle extraction systems. Stream 1 la is the top water scrub 
used to increase the quality of the product. 

Figure A- 10 shows the denitrator process for converting the concentrated many1 nitrate solution 
into granular dry solid uranium tioxide. Since 1971, this process was used to prepare the final 
product for shipment as a solid. Prior to 1971, the product was shipped as uranyl nitrate solution 
in liquid shipping containers (L-10 bottles in a bird cage rack or as L-10 bottles in 110 gallon DOT 
6M/2R shipping drums). 
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TRU and DU at SMC 

Report on Mass Balance at SMC I 

Don C. Barg 

June 19,200O 

1. Materials 

The Specific Manufacturing Capability Project (SMC) is located at the north end of the 
Idaho National Engineering and Environmental Laboratory (INEEL). SMC processes 
large quantities of depleted uranium (DU) metal. Records show that SMC has received 
10,129,OOO pounds of DU for processing. Of this, 4,726,OOO pounds were received from 
the Femald, Ohio, plant, and 5403,000 pounds were received from the DOE plant at 
Rocky Flats in Colorado. Approximately 6,385,OOO pounds have been shipped to the 
customer (as of February 29,200O). About 3,750,OOO pounds of DU are stored at SMC 
or are at a recasting facility. This includes incoming material that has not been 
processed, processed material not yet shipped to the customer, and recyclable DU. 
Recyclable DU from the processing is sent to a privately contracted metallurgical facility 
for recasting. This happens from time to time, resulting in an efficient use of the original 
consignment of DU. 

In addition to the material shipped, SMC produces an unavoidable quantity of waste DU 
material. This consists of laser fines (residues from laser cutting of the DU), and DU 
oxides from processes such as a water wash of processed material, sweepings, and so on. 
A best estimate of the quantity of waste material as’of the end of February 2000 is 
approximately 93,000 pounds of DU. Roughly half of the laser fines have been shipped 
for re-use. The remainder of the material remains at SMC. 

SMC uses a single HEPA-filtered stack emissions system, with post-filter monitoring for 
any effluent releases. Data for 1985-1989 are not presently available, and the final report 
for 1999 is not yet complete. Based on the data for 1990-1998, and normalizing this to 
the entire duration of the project, SMC has released approximately 0.25 pound of DU to 
the atmosphere from the beginning of the project to the present day. This is a negligible 
a-mount of material. DU and DU oxides are heavy and dense. No environmental sample 
collected outside the SMC fence has ever detected any DU from SMC. 

The DU at SMC is 0.2% by weight U-235, about 0.0005% by weight U-234, and nearly 
all the rest is U-238. Small quantities of other elements, such as carbon, nickel, iron, 
zirconium, silicon, titanium, and aluminum have been reported in the “parts per million”. 
range. The highest aggregate of these trace elements has been about 290 ppm. 



2. Transuranics and Fission Products 

In August of 1999 it was reported to SMC that low concentrations of transuranic and 
fission product materials could be present in the DU.used at SMC. Some very limited 
samples where data already were available were evaluated, and Am-241, Pu-238, and Pu- 
239/240 were found to be present. These first samples were not analyzed for Np-237 or 
Tc-99. The results suggested that a systematic sampling of available DU billets would 
provide useful information. Sixty samples were therefore collected from DU billets 
located at SMC: 20 from billets remaining from the original consignment (referred to as 
Population #l); 30 from the first recasting (Population #2); and 10 from the second 
recasting (Population #3). Approximately half of the Population #1 samples were from 
Rocky Flats billets, and the others were from Femald billets. The results were reported to 
SMC in BBWI Internal Report INEELIINT-99-01228, dated December 15,1999. A 
qualitative analysis of the results has shown that there is no tendency for TRU or Tc-99 to 
migrate either to the upper portion of billets or to the lower portion. The only variation is 
random and is neither chemically nor physically driven. A second, more complete 
statistical analysis (INEEL Internal Memo JJE-00-01) shows that TRU quantities are 
quite consistent throughout the TRU measurements (with statistically likely random 
outliers being present). The Tc-99 concentrations are far more widely distributed. 
Maximum, minimum, and average values for the various radioactive materials are listed 
in Table 1. This table lists values both in terms of pCi per gram of DU and of grams of 
material per gram of DU. The values given in Table 1 are taken from INEEL/INT- 
9901228. 

Table 1 

The average value of the combined TRU material is 2.59 E-09 gram of TRU per gram of 
DU, or 2.59 parts per billion (ppb), and the maximum combined value of TRU per gram 
of DU is 5.34 ppb. Technetium-99 is also in the ppb range, as shown. 

Processing of DU at SMC consists of rolling and cutting billets. These processes do not 
affect TRU concentrations in any way. 

In the recasting process, the decay products (Th-234 and Pa-234m) move to the top of the 
molten’ DU and are skimmed off in slag, However, the TRU isotopes are nearly the same 
atomic weight and chemical characteristics as uranium. TRU is neither concentrated nor 
diluted in the recasting process, and no chemical processing beyond recasting takes place. 
SMC requires that only SMC metallic DU be used in the recasting process, and records of 
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materials returned to SMC affirm that this material is exclusively for the SMC process. 
SMC Quality Engineers and Inspectors make at least two visits to the recasting facility 
annually for overall quality control. These visits also confirm that no processing or 
additions are made to SMC DU. No change in concentrations from recasting or SMC 
processing has been observed, or is expected. Samples from the original shipment, from 
the first recasting, and from the second recasting have not shown a significant reduction 
in the amount of TRU or Tc-99 present in the samples. 

3. Dose Evaluation 

Derived Air Concentrations (DAC) for TRU materials are reported as 0.0067 of the DAC 
for uranium isotopes (see 10 CFR 835, Appendix A). The DAC is defined as the 
atmospheric concentration of a nuclide that, if breathed continuously at a standard 
breathing rate for a full working year of 2000 hours per year, could result in an internal 
committed effective dose equivalent (CEDE) of 5000 mrem. The estimated dose from 
inhalation of DU with. the TRU constituents reported is calculated to increase by a factor 
of 0.0022. The derivation of this factor is shown in Appendix A of this report. Stated 
more clearly, a person who receives an internal dose (over 50 years) of 100 mrem CEDE 
from an intake of DU would have an additional internal dose from the intake of TRU in 
the DU, of 0.22 mrem. Such a dose is less than the statistical fluctuations inherent in 
sampling, counting, and evaluation. 

SMC has conducted an extensive bioassay program since the earliest days of the project. 
At first, fecal samples were collected. No positive results were ever obtained. SMC also 
asked employees to be counted in a whole-body counter and lung counter. This also 
provided only negative results. At the same time,‘employees were asked to submit ,urine 
samples for analysis. Using state-of-the-art technology, the urine samples detected low 
concentrations of uranium in some individuals, at levels far below the minimum 
detectable levels for whole-body counting. The INBEL Internal Dosimetry Technical 
Basis Document, published in 1999, gives Minimum Detectable Activities for plutonium 
nuclides. The MDA for Pu-239/240 is 2.7 E-08 pCi/ml. This could give an estimated 
dose of 48 mrem CEDE. No plutonium or other TRU uptakes have ever been detected by 
any system at SMC. The urine bioassay program has continued throughout the duration 
of the SMC project. 

During 1999 the maximally exposed SMC worker received an internal dose from 
inhalation of DU, of 48 mrem CEDE. The urine sample with the maximum single result 
was also analyzed for the possible presence of plutonium. The reported result was below 
the statistical variation, and no plutonium dose could be assigned. This agrees with the 
evaluation described in Appendix A. SMC does not currently collect fecal data for 
analysis. The reported results of this bioassay sample are attached to this report. 

The maximum internal dose received at SMC was about 150 mrem CEDE, in 1988. This 
was from DU only. Based on the information presently available, an additional 
calculated dose of 0.3 mrem would be assigned to this individual from TRWTc-99. 
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The maximum number of employees at SMC is about 500, in the late 1980s. Presently 
the employee population is about 225. It is estimated that between 1000 and 1500 people 
may have been employed at SMC over the life of the project to the present time. Not 
more than half of these have been potentially exposed to DU and its constituents. 

4. Licensing 

The recasting facility holds an NRC agreement state license to receive, process, and ship 
depleted uranium. In 1999, when the TRU issue was raised, the state authorized the 
facility to continue to possess DU through January 2000. This gave SMC and the 
recasting facility time to collect and evaluate samples. Based on the SMC evaluation 
submitted to the recasting facility and through them to the state and NRC, the license 
authorization has been extended until March 31,2002. This is the original date of 
expiration for this license. The NRC and the state continue to evaluate the TRUm 
situation. 

.-. 
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APPENDIX A 

Increase in Dose from the Presence of Transuranics in Depleted Uranium 

Table 1 of this report lists the average concentration of the various TRU components of 
DU. Each is listed in pCi of TRU per gram of DU. The sum of these averages is 5.288 
pCi/g. The specific activity of DU is 3.6 E-07 G/g. Therefore the activity concentration 
of TRU in DU, in units of curies of TRU per curie of DU, is 

5.288 pCi/~~ = 1.47 E+O7 pCilCi 
3.6 E-07 c&U 

= 1.47 E-05 Ci of TRU per Ci of DU (1) 

The Derived Air Concentration (DAC) for TRU nuclides is 2 E-12 ~Ci/ml, and the DAC 
for uranium nuclides is 3 E-10 yCi/ml. The DAC is defined as the-atmospheric 
concentration of a nuclide that, if breathed at a standard breathing rate for a full working 
year of 2000 hours, would result in an internal committed effective dose equivalent 
(CEDE) of 5000 mrem. So for equal amounts of DU and TRU in the body, the TRU 
gives an effective dose equivalent 150 times more than the DU. 

As shown above, the total TRU activity in the DU at SMC is far below the DU activity. 
The effect of TRU on internal dose is found by multiplying the fractional activity of TRU 
as given in Equation (1) by 150. This gives 

1.47 E-05 Ci/Ci x 150 = 2.20 E-03 (2) 

That is, for every rem of internal dose received from the DU at SMC, an additional 2.2 
mrem of dose is received from TRU. An internal dose of 100 mrem would be increased r 
to 100.22 mrem, and so on. 

Table 1 also lists the maximum TRU concentrations in DU. To provide an upper bound 
to the possible increase in dose from TRU a second evaluation is needed. 

The sum of the maximum TRU concentrations is 27.68 pCi/g (picocuries of TRU per 
gram of DU). All other factors in the above calculation remain constant. Therefore the 
internal dose for the maximum concentration case should be 27.68/5.288 of the dose for 
the average concentration. So for the maximum concentration, a dose amounting to 1 
rem CEDE from DU alone would be increased to 11 mrem + 1 rem, or 1011 rem. This is 
still only about a 1% increase in dose. 

Although the mass fraction of Am-241 in TRU is less than the mass fractions of the other 
TRU nuclides, the activity fraction of Am-241 is significantly greater than the activity 
fractions of the other nuclides. Am-241 has over half of the total TRU activity in the 
samples collected at SMC. Am-241 is therefore the most restrictive isotope in the TRU 
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materials at SMC. Because of this it is desirable to give a separate analysis for Am-241. 
Only the maximum concentration will be discussed. 

The maximum activity concentration of Am-241 in the DU samples at SMC was 19.2 pCi 
of Am-241 per gram of DU. The other factors in the calculations used for total TRU 
remain constant. We have 

19.24 PCi&-= 5.34 E+07 pCi/Ci 
3.6 E-07 pci&J 

= 5.34 E-05 Ci of Am-241 per Ci of DU (3) _- 

Again, the DAC for Am-241 is 2 E-l 2 @/ml, and the DAC for uranium nuclides is 3 E- 
10 pCi/ml. So the effect of Am-241 on internal dose is found by multiplying the 
fractional activity of Am-241 by (3 E- 10/2 E-12) = 150. This gives 

._. 5.34 E-05 Ci/Ci x 150 = 8.01 E-03 (4) 

The maximum concentration of Am-241 observed at SMC could therefore increase a one 
rem dose from DU, to 1.008 rem. This is less than a 1% increase. 

The TRU found in DU at SMC thus contributes a negligible addition to the dose received 
from the DU itself. 
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APPENDIX B 

Increase in Dose from the Presence of Tc-99 in Depleted Uranium 

The average concentration of the Tc-99 constituent in DU is listed as 154 pCi of TC-99 
per gram of DU. As stated in Appendix A, the specific activity of DU is 3.6 E-07 G/g. 
The activity concentration of Tc-99 in DU is 

154 PCiklJu = 4.28 E+08 pCi/Ci 
3.6 &07ci/gDu 

= 4.28 E-04 Ci of Tc-99 per Ci of DU (3) 

The DAC for Tc-99 is 3 E-07 pCi/ml, and the DAC for uranium nuclides is 3 E-10 
/.tCi/ml. So for equal amounts of DU and Tc-99 in the body, the Tc-99 gives an effective 
dose equivalent only 0.001 of the DU. 

As shown above, the total Tc-99 activity in the DU at SMC is far below the DU activity. 
The effect of Tc-99 on internal dose is found by dividing the fractional activity of Tc-99 
as given in Equation (3) by 1000. This gives 

4.28 E-04 Ci/Ci + 1000 = 4.28 E-07 (4) 

That is, for every rem of internal dose received from the DU at SMC, an additional 0.43 
microrem @rem) is received from Tc-99. 

The maximum concentration of Tc-99 in DU is listed as 537 pCi/g. The dose from the 
maximum concentration of Tc-99 should be increased (over that from the average 
concentration) by a factor of 537/154. Therefore, for a dose of 1 rem CEDE from DU 
alone, the additional dose for the maximum concentration of Tc-99 would be 1.5 
microrem @rem). 

The Tc-99 found in DU at SMC thus contributes a negligible addition to the dose 
received from the DU itself. 

7 



I 

E 
21 a 

YY 

c a 



SMC BILLETS ’ 1 

Troy Traater 
Dean Goodwin 

Mike Evam 
Ron Stone 
Sttt@XiN 

Doug Thompson 
Chris Mel 

Wednesdsy, Dettmbtr l&l999 





1 

CASE NARRATIVE 

Tbt material analyzed for this project consisted of samples of deple@d uranium metal 
rtctivtd from the SMC manufactu&g process 

Results presented in this rep<#t include values for the following isotopes: 

=‘Np, =8pu, =blPPu, oprc and Qm# 

Following this narrative, the sections will include: 

Aliquots of the uranium metal (E 2 grms) were dissolved in batch contacts using 
approximately 50 mL of tiagent gmie 6 M HNG and minimal heat. A&r dissolution 
and cooling, the samples were diluted to vahne in a 50 mL volumetric flask with 17 
Mohm DI E&O. The sxnples were mixed well and mall aliquots wue rtmoved for acid 
titration. This titration was pexfoxmed to obtain a quantitative acid value for ref&ence in 
the chemical separation procedures. 

Aliquots of the distoturion wert rtmovod born tht @nsr~ solution and adjusted to 2.5 
M HNQ with DIQO. These tiiquota wtrt tpihd with ‘ha or % mcer and the 
oxidation state of the plutonium was adjusti to Puss. The plutonium wts then 
chemically separated from the rest of the matrix via exuaction chmmt&gmphy. Nd*3 and 
HF were added to the stripped solution and the plutonium wss co-pzecipitated i&h NdFs 
as WA. The precipitate wan collected onto a 0.1 micron filter and dried. The filter was 
analyzed by alpha spectrometry (Omc Soloist counters coupled to Sun Microsystems 
workstation) and the plutoniuxn isotope concentrations were qua&fled All values were 
corrected for chemical yield via the Pu tracer and sr+ report& in units of @p&g of sample. 

After dissolutioa, a subset of the samples was filtered through a 0.2 micron filtet to 
rtmovt any insoluble oxidts of plutonium ti might be prtttnt. Thtm filters wtze then 
put into solution by high temperature fusion and plutonium was separated and am@ed 
by the method previously demibed. These results are reported in units of dpdg of sample 
and BB dttig?ated with an asterisk in tht Summtry Data Report (Form I). 
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Aliquots of the dissolution were removedtim the primary solutitm and adjusted to 2.5 
g HNC& with DI I&O. The 61~idation state of the neptunium wa+ adjusted to Np& and 
the sample was passed through an extraction chromatography column to extract 
neptuniun~ The neptunium frsction wss &ted and this solution was used for the 
quadaive determination of U’Np by I- (VG Plasma Qusd PC@). Neptunium-239 
was also used as a tracer to de&mine anslydcal yield through the separation -eke. 
The %p wss determined by gamma spectroscopy prior to ICPMS analysis and this 
value was used to cat for chemical loss in calculation of the final MNp result. The 
neptunium vslues aze reported ss dps/g of sample. 

Aliquots of the dissolution W~JX moved fkom the primaz~ solution and adjusted to 2.5 
E EINOJ wish DI I&O. These aliquots, were sp&ed witi Am tracer and then che&cally 
sepsrated fkom the rest of rhe matrix via extraction chromatography. The americium 
&action was e&d from the extiaction column and.Nd*3 and HF were added to the 
saipped solution to co-precipitate the americium as An& The precipitate wss collected 
onto a 0.1 micron film and dried The filter wss analyzed by alpha 
Soloist counters coupled to Sun Microsystems workstaiion) and the 

~‘“m”“y(orrec 
‘Am isotope 

ccmcenuatim was quantified. All values wee coxrac~ed for chemical yield via the “Am 
tracer snd are reported in units of dps/g of sample. 

Aliqm of the dissolution were removed and diluted by a factor of 100. lx5 Indium wss 
added to give a final solution concentration of 100 ug/L “‘In in sll samples and 
standards. All determinations were performed via ICPMS (VG Plasma Quad PQ+) and 
values are reported in units of dps@of sample. 

. 

’ s%lechnetium suf%rs from sn isobaric interfmnce with ?Ru and a molecular 
interference due to Mo(98)H+, Ruthenium and %o were rncmiw on all samples. 
Ruthenium wss not detected in the samples at mass 102 or 104. Molybdenum was 
detected in some samples at msss 98, but not at levels re@ring a correction. 

@ctroscooy 

Five milliliter sample aliquots were analyzed on detectors 4 and 5 in the INFIX! gamma 
vopy lab. These detectoxs are standard p-type coBxial germauium units. The 
samples were counted 0.5 hours on top of the detector. 

The sample spectra were analyzed by the compum pi r&dent on the lab computer. 
For this sude of samples fissiou and activation product ieotopes were to be measm~! by 
gamma apectrometry. Instrumental background spectra were accumulated on these 



dt%cm q@ems prior to use for these sampk. Ahar ba&mmd subaracton, no 
d&&able gamma ernhm were found in time samples. 
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